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WO 98/29131 - PCT/US97/23497 

AQUEOUS GLYCEROL FORMULATIONS OF SOMATOTROPIN 



This application claims the benefit of U.S. provisional application Serial No. 
60/033,971, filed December 31, 1996. 

BACKGROUND OF THE INVENTION 

5 Somatotropins (growth hormones) were originally discovered in pituitary extracts of 

various animals, and may now be produced using recombinant DNA by conventional 
genetic engineering techniques. Somatotropins may be administered to animals using a 
variety of formulations and administration techniques. One major problem in the 
administration of somatotropins, is the denaturation of their active globular structure, which 

10 may cause somatotropins to oligomerize (e.g., dimerize) and/or aggregate and precipitate, 
thereby decreasing the amount of available somatotropin in solution as well as the 
somatotropin bioactivity. Previously, formulations have been developed which incorporate 
a stabilizer in an attempt to decrease the formation of insolubles and maintain the bioactivity 
of the somatotropin. 

15 

For example, European Patent Application specification no. 374,120 (Monsanto Co.) 
refers to somatotropin compositions containing at least about 10% bioactive somatotropin, 
an effective amount of a stabilizing polyol, such as glycerol, and a buffer to achieve a pH in 
the range of 4.5 to either about 7 or the isoelectric point of the somatotropin, whichever is 
S heater ; This formulation is preferably administered to an animal from an implantable 
Jispenserfor controlled release over an extended period of time. The compositions of that 
specification preferably contain a bovine or porcine somatotropin. 

There is a need in the art for novel somatotropin fonpulations that have good long t 
: * term eherhical and physical stability, preferably such that they qualify for FDA approval of . * 
I vibe (ing ^regarding long term shelf life. /There is also a need for multi-dose somatotropin 
formulations that do not require additional anti-microbial agents to retain the stability and . 
bioactivity of the formulation/ Additionally, there is; a need for somatotropin formulations 

- U_ ^ , ^ ^ 
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,K * r SUMMARY OF THE INVENTION 

This invention generally relates to aqueous glycerol formulations of a biologically 
active somatotropin. More particularly, this invention relates to aqueous somatotropin 
compositions comprising less than about 10% of a biologically active somatotropin, water, 
5 and glycerol in an amount effective and at a pH effective to maintain the somatotropin 
substantially * completely , stable. In a preferred embodiment, the somatotropins in such 
compositions retain their physical and chemical stability for at least 2 years. The 
somatotropin compositions according to tfie invention also have anti-microbial activity, 
. such that, after they have been, sterile-filtered, no additional anti-microbial agent is 
10 necessary to maintain the sterility of the : composition. 

In a preferred embodiment, the inventive somatotropin compositions are suitable for 
parenteral administration to companion animals, such as dogs and cats, and are preferably 
r . suitable for multiple dose packaging. , v ^ 

15 DESCRiPTiON OF ILLUSTRATIVE EMBODIMENTS - 7 

For purposes of this indention, the term "somatotropin" includes mammalian 
somatotropins, such as human, ovine, porcine, bovine, equine, canine and feline 
somatotropins, particularly canine and feline somatotropins; and others such as avian 
somatotropin. The term "somatotropins" includes somatotropin proteins and salts thereof' 

20 having naturally-occurring sequences as well as variants of the naturally-occurring proteins 
having somatotropin-like bibactivity. For example; "somatotropin" includes somatotropin 
proteins that have been modified at the N-terminus, e.g., by deleting an N : terriiinal 
methionine group or replacing it with another amino acid, or proteins that have other amino 
acid substitutions, additions or deletions but yet provide sbmat6tropin-lik€i activity, i.e., they 

25 bind to somatotropin receptors in the animal with Sufficient affinity to result in 
improvement* of growth, lactation', feed efficiency and/of health of the aniitialV ~' • ' 1 J 

The somatotropins 1 for use in the present invention can be 'derived 'by extraction and 
subWjuent concentration techniques from 1 tlie pituitary glands of various animals. More 
30 preferably* somatotropins produced by recombihaiitDl^A rhethdds -are'us^d in the inventive 

-2- 
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compositions. The somatotroph^ to be formulated can be a heavy metal (e.g., zinc) 
derivative of the somatotropin, or it can be free from association with such a metal The 
somatotropin to be formulated can' also be a powder (eg., lypholized) or in aqueous 
solution. 

5 ' " ' * * " " ' 

the proportion of somatotropin in the ikveiitive compositions rhay viry, for 
example, depending upon tke size arici type of animal being treated as well as the desired 
dosage and treatment strategy. The somatotropin conteht of the inventive' composition is 
less than about 10% by weight of the composition. The composition preferably has a 

10 somatotropin content of less than about 8% by weight of the composition, more preferably 
less than about 6%. In further preferred embodiments, the Composition has a somatotropin 
content of at least about 0.01%, preferably at least about 0.3% by weight; up to about 5% 
and commohiy up to about 3% by weight. 

15 The inventive compositions further contain water and glycerol, preferably in an 

amount such that the glycerol : water yolume ratio is not less than about 1:1 to ensure anti- 
microbial activity, and not greater than about 4:1, to facilitate an efficient sterile filtration 
• ; rate. ; , .. ■; ... . i .. _ . . , ., . r 

20 .Generally, the pH of the inventive aqueous glycerol somatotropin composition is 

between about 4.5 and the greater of about 7 and . about the isoelectric point of the 
somatotropin. More preferably, the pH of the composition is in the range of about 6 to 
..... about 7. . ....... ■ * . ... 

25 In a preferred embodiment, the inventive formulation further contains one or more 

additives such as a surfactant, a wetting agent and/or an anti-foaming agent. For example, a 
non-ionic surfactant may be added in an amount sufficient to lower the surface tension and 
yet minimize adverse site reactions. For example, the surfactant additive may be a 
, polyethpxylated sorbitan ester, such as a fri(polyoxyethylene) ester of sorbitan mono-oleate 

30 (available.as Tween 80 from ICI Americas. Inc.)* which may also act as a wetting agent to 
promote the r . wetting ^of Jthe somatotropin by a buffer and .glycerol excipient during 

-3- 
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preparation and may further prevent foaming. 'The surfactant can" Be present in a 
concentration ranging from about 0.005% to about 2 .5%, and more preferably froin about 
0.05% to about 1 .0% of the composition. 

5 The inventive aqueous glycerol formulations of somatotropin are chemically and 

physically stable and substantially* completely retain the bioactivity of the somatotropin. 
The inventive formulations preferably remain stable for 'a? least 2 years, more preferably at 
least 3 years and most preferably "for at least 4 years. This stability characteristic is 
determined by observing the formulations foi dimer ahd aggregate formation, as' well as for 

10 turbidity, at various temperatures over a period of tinies, Svhi6h simulates the long term 
performance of the fonnulatioh stability. A formulation is considered ^substantially 
completely stable if less than 10% of the somatotropin is found in the form of dimer and 
aggregates after storage of the formulation at 4°C for 2 years, and visibly remains clear and 
does not settle out during such storage. ,k * ^ ^ : , 

The inventive aqueous glycerol formulations have anti-microbial activity, v and 
accordingly, no further anti-microbiai agent or preservative need* be adcleci to 4 the 
composition. The anti-microbial activity of the inventive formulations is largely due tb the 
high glycerol content. The inventive aqueous glycerol formulations are also usually 
20 subjected to sterile filtration. 

In a preferred embodiment, the aqueous glycerol formulations of somatotropin 
according to the invention are suitable for parenteral admiitistration to companion animals, 
particularly to dogs and cats. For example, the inventive somatotropin composition may 

25 contain canine somatotropin and be administered to dogs for the treatment of alopecia, bone v 
fractures and other injuries and diseases suitably treated using the cell proliferation A and 
other biological activities of a somatotropin, hi a furthfer preferred' embodiment, the 
aqueous glycerol formulations are adequate compositions for a commercial multi-dose 
product. These formulations can be administered in a variety oif ways, including parenteral 

30 administration, such as subcutaneous, intramuscular or intraperitoneal techniques <6r via an * 

' -4- 
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implanted delivery device. For companion animals, the preferred method of administration 
is parenteral administration via subcutaneous injection. 

The following examples are included to demonstrate preferred embodiments of the 
5 invention. It should be appreciated by those of skill in the art that the techniques disclosed 
,in the examples which follow represent techniques discovered by the inventors to function 
well in the practice of the r invention, . and thus can be considered to constitute preferred 
modes, for its practice. However, those of skill in the art should, in light of the, present 
disclosure, appreciate that, many changes, can be made in the specific embodiments which 
10 are disclosed and still obtain a like or similar result ^ ^yithout departing from the spirit and 
/ scope of the invention. 

; . — . ..... . r . ; ... EXAMPLES 

Example 1 . Preparation of aqueous glycerol formulation of porcine somatotropin 
15 10.5 g of pST powder was added to 1 L of an excipient (65:35, glycerol : water by 

, volume, 0.15% Tween 80 surfactant by volume, pH 6.3 phosphate buffer and 3% potassium 
chloride by weight) and the mixture was stirred for hour at ambient temperature. This 
f : ^formulation was then sterile filtered through a 0.22 ^im filter. . 

20 Example 2. Preparation of excipient 

3.747 kg of WFI (water for injection) was added to a vessel and agitated at moderate 
r.p.m. The vessel was then charged with sodium phosphate monobasic (0.143 kg), sodium 
phosphate dibasic (0. 1 75 kg) and potassium chloride (0.252 kg). Hie resulting mixture was 
stirred uijtil all solids dissolved. This dissolution was endothermic and the mixture cooled 

25 . to 15-20°C. The vessel was then fiirther charged with 7.665 kg of glycerol and 0.0182 kg of 
Tween 80. The mixture jyarmed up to about 30°C. The mixture was then cooled to a 
tempejrature of 20-25?C by cooling coils/jacket and agitation. 

A 50 7 55 ( g sample was then, removed and analyzed. The sample was a clear, 
30 colorless liquid having a,pH at 20-25°C of 6.1-6.6 and a density at 22°C of 1.20 ± 0.02 g/cc. 
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Example 3. Preparation of bovine somatotropin formulation 

The excipieht prepared in Example 2 was stirred at a temperature of 20-25°C. 
ZnbST in the form of bulk powder (0.0521 kg), was then added over a period of 20-30 
minutes. After all of the- ZnbST powder was; added, the mixture was stirred for an 
5 additional 50-60 minutes at <20-25°C. During this period, the excipient turned turbid due to 
the formation of zinc phosphate salts. The mixture was then heated to 36-40°C for 80-100 
min. Subsequently, the mixture was cooled to 20-25°C and stirred for at least 30 minutes. 

The bST/excipient formulation was then filtered by connecting a Millipore Millip^i> 
10 200, 0.22 |j,m disposable filter unit to the discharge port of the formulation vessel. The 
formulation vessel was placed under a regulated air pressure of 15 psig and the discharge 
port was opened. The filtration was complete in less than 15 minutes with a small decrease 
in the filtration rate over the cycle time. 

15 Example 4. Stability testing of aqueous glycerol formulation of bST 

Samples of aqueous glycerol formulations of bovine somatotropin were stored for 
periods of time up to 120 days at temperatures of 4°C, 22°C and 39°C. 

Chemical stability was evaluated based on dimer/aggregate formation. The 
20 formulation according to the invention had no detectable dimer or aggregate formation at 
4°C or 22°C for up to 75 days, which is very atypical and unusually stable for storage of 
such formulations, particularly at 22°C. About 2% dimer/aggregate formation occurred at 
39°C at the 75th day, which is a surprisingly good result at such a high temperature in 
having a low dimer/aggregate formation. 

25 Physical stability was evaluated based on the turbidity of the samples. The 

formulation according to the invention had no visually observable turbidity change at 4°C or 
22°C for up to 120 days, which is very atypical and unusually stable, particularly at 22°C. 
Signs of very slight turbidity were observed after 20-22 days at 39°C. This stability is still 
considered extremely good. 

30 
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While the compositions and methods of this invention have, been described in terms 
of preferred embodiments, it will be apparent to those of skill in the art th^t variations may 
be applied to the process described herein without departing from the concept, spirit and 
scope of the invention. All such similar substitutes and modifications apparent to those 
5 skilled in the art are deemed to be within the spirit, scope and concept of the invention. 
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WHAT IS CLAIMED IS; 

1. An aqueous glycerol somatotropin composition comprising: 

a biologically active somatotropin in a concentration less than about 8% by> weight of the 
composition, water and glycerol in an amount effective and at a pH effective to maintain the 
5 somatotropin substantially completely stabler' ' - < 

2. The composition of claim 1 , wherein the somatotropin is bovine somatotropin, 
porcine somatotropin, ovine somatotropin, equine somatotropin,' canine somatotropin or 
feline somatotropin. - ■ 

10 

3. : The composition of claim 2, wherein the somatotropin is canine somatotropin or:; 
feline somatotropin. < ; ; ; : - " ; / ;v v, ; 

4. the ciormpoisition of claim 1 /wherein the composition has a pH in 

15 . 4.5 to the higher of about 7 and the isoelectric point of the somat6tropin. v 1 V 

5: '* ' The composition of claim 4 9 wherein the composition has a pH in the range of about 
6 to about 7. ^ 4 ; 

6. The composition of claim 1 , wherein the composition further comprises a non-ionic 
surfactant. 

7. The composition of claim 6, wherein the non-ionic surfactant is present in an amount 
25 in the range of 0.05 to 1 .0% by weight of the composition. 

8. The composition of claim 6, wherein the non-ionic surfactant comprises a 
polyethoxylated sorbitan ester. 

30 9. The composition of claim 8, wherein the non-ionic surfactant is a 
tri(polyoxyethylene) ester 6f sorbitan mono-oleate. 

-8- 
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9. The composition of claim 8, wherein the non-ionic surfactant is a 
tri(polyoxyethylene) ester of sorbitan mono-oleate. 

10. The composition of claim 1 , wherein the composition is substantially completely 
stable for at least 2-years. : j ;,; ^ ■ - JK : . : : 

5 ' • ■ -.:->: ' . ■ .\ , / . ,:• , • • , - ■ \. . . . 

11. The composition of claim 1, wherein the composition has undergone sterile . 
filtration. 

■ * ■- ■•'■'■■V"'^:' " <v ■ . . / : :* ■ -:. • --p .■ '■ 

12. ' . The composition . of claim 1, wherein the composition contains no jadditional anti- 

10 microbial agent. 

13., ..The composition of claim 1 , wherein the somatotropin is present in a concentration 
less than about 6% by weight. ..-,!■.■ ^ 

15 14. The composition of claim 1, wherein the somatotropin is preseirt in a concentration 
between about O.Oland'ibbut 5%by weight. . 

< 15. ■ The composition of claim l, f wherein the somatotropin 's present in a concentration 
between about 0.3 and about 3% by weight. 

20 

16. The composition of claim 1, wherein the ratio of glycerol to water by volume is in 
: the range of about 1;1. to about 4:1. ; -* ; . f h . » 
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AQUEOUS GLYCEROL FORMULATIONS OF SOMATOTROPIN 

This application claims the benefit of U.S. provisional application Serial No. 
60/033,971, filed December 31, 1996. 

BACKGROUND OF THE INVENTION 

5 Somatotropins (growth hormones) were originally discovered in pituitary extracts of 

various animals, and may now be produced using recombinant DNA by conventional 
genetic engineering techniques. Somatotropins may be administered to animals using a 
variety of formulations and administration techniques. One major problem in the 
administration of somatotropins is the denaturation of their active globular structure, which 

10 may cause somatotropins to oligomerize (e.g., dimerize) and/or aggregate and precipitate, 
thereby decreasing the amount of available somatotropin in solution as well as the 
. somatotropin bioactivity. Previously, formulations have been developed which incorporate 
a stabilizer in an attempt to decrease the formation of insolubles and maintain the bioactivity 
of the somatotropin. 

15 

For example, European Patent Application specification no. 374,120 (Monsanto Co.) 
refers to somatotropin compositions containing at least about 10% bioactive somatotropin, 
- an effective amount of a stabilizing polyol, such as glycerol, and a buffer to achieve a pH in 
the range of 4.5 to either about*7 or the isoelectric point of the somatotropin, whichever is 
:<}■ greater . This ' formulation- is preferably administered to an animal from an implantable 
JiNpensLT'for controlled release over an extended period of time. The compositions of that 
spec i ileation preferably contain a bovine or porcine somatotropin. 

There is a need in the art for novel somatotropin formulations that have good long 
term chemical and physical stability, preferably such that they qualify for FDA approval of 
labeling regarding long term shelf life. There is also a need for multi-dose somatotropin 
formulations that do not require additional anti-microbial agents to retain the stabilityjand 
bioactivity of the formulation. Additionally, there is a need for somatotropin formulations 
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SUMMARY OF THE INVENTION 

This invention generally relates to aqueous glycerol formulations of a biologically 
active somatotropin. More particularly, this invention relates to aqueous somatotropin 
compositions comprising less than about 10% of a biologically active somatotropin, water, 

5 and glycerol in an amount effective ,and at a, pH effective to maintain the somatotropin 
substantially completely, stable. In a preferred embodiment,. the somatotropins in such 
compositions, retain .their physipal and chemical stability for , at n least 2 years., The 
somatotropin compositions according to the, invention also have anti-microbijal^ activity, 
iSuch that,- after they have, been sterile-filtered, no a,dditional,.anti-micrpbial agent, is 

10 ^ . necessary -to maintain the sterility of the coniposition. •.. v ;i ^ 

In a preferred embodiment, the inventive somatotropin compositions are suitable for 
parenteral administration to companion animals, such as dogs and cats, and are preferably 
; suitable for multiple dose packaging. , . ; , . l? . . > . E . r 

15 DESfcRtPTION OF ILLUSTRATIVE EMBODIMENTS 

for purposes of this invention, the term "somatotropin" includes mammalian 
somatotropins, such as human, ovine, porcine, bovine, equine, canine and feline 
somatotropins, particularly canine and feline somatotropins; and others such as avian 
somatotropin. The term "somatotropins" includes somatotropin proteins arid salts thereof 

20 having naturally-occurring sequences as well as variants of tlie natikally-occurririg proteins 
having somatotropiri-like bioactivity. For example, "somatotropin" includes somatotropin 
proteins that have been modified at the N-terminus, e.g., by deleting an N-terminal 
methionine group or replacing it with another amino acid, or proteins that have other amino 
acid substitutions, additions or deletions but yet provide somatotropin-like activity, Le., they 

25 bind to somatotropin receptors in the animal with sufficient affinity to result in 
improvement of growth, lactation, feed efficiency and/or health of the animal. " 



The somatotropins for use in the present invention can be derived by extraction and 
subsequent concentration techniques from the' pituitary glands of various animals. More 
30 preferably, somatotropins produced by recombinant DNA methods are used in the inventive 
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compositions. The somatotropin to be formulated can be a heavy metal (e.g., zinc) 
derivative of the somatotropin, or it can be free from association with such a metal The 
somatotropin to be formulated can also be a powder (e.g., lyjpholized) or in aqueous 

Solution. ' i- V! J.. 

The proportion of somatotropin in the -inveiitive compositions may vary, for 
example, depending upon the size'and type of animal being treated as well as the desired 
dosage and treatment strategy. The somatotropin content of the inventive composition is 
less than about 10% by weight of the composition. The composition preferably has a 
10 somatotropincohtent of less than about 8% by weight of the composition,; more preferably 
less than about 6%. In further preferred! embodiments, the composition has a^somatbtropin 
content of at least about 0.01%, preferably at least about 0.3% by weight; up to about 5% 
and commonly up to abcmt 3% by weight. 

15 The inventive compositions further contain water and glycerol, preferably in an 

amount such that the glycerol : water volume ratio isjnot less than about 1 :1 to ensure anti- 
microbial activity, and not greater than about 4:1, to facilitate an efficient sterile filtration 
rate. 

20 Generally, the pH of the inventive aqueous glycerol somatotropin composition is 

between about 4.5 and the greater of about 7 and about the isoelectric point of the 
somatotropin. More preferably, the pH of the composition is in the range of about 6 to 
about 7. 

25 In a preferred embodiment, the inventive formulation further contains one or more 

, additives such as a surfactant, a wetting agent and/or an anti-foaming agent. For example, a 
non-ionic surfactant may be added in an amount sufficient to lower the surface tension and 
yet minimize adverse site reactions. For example, the surfactant additive may be a 
polyethoxylated sorbitan ester, such as a tri(polyoxyethylene) ester of sorbitan mono-oleate 

30 (available as Tween 80 from ICI Americas Inc.), which may also act as a wetting agent to 
promote the wetting of the somatotropin by a buffer and glycerol excipient during 

( .-3- 

BNSDOClD;<WO 9B29131A3JA> 



PCT/US97/23497 

u preparation and may further prevent foaming. The surfactant Lean bev present in a 
concentration ranging from about 0.005% to about 2.5%, and more preferably from about 
0.05% to about 1.0% of the composition. 

5 The inventive aqueous glycerol* formulaiions * of somatotropin are chemically and 

physically stable and substantially completely retain the bioactivity of the somatotropin. 
The inventive formulations preferably remain stable for at Jeast 2 years, more preferably at 
least 3 J years- and most preferably for at least 4 years. This stability characteristic is 
determined by observing the formulations fofdimer and aggregate formation, as well as for 

10 - turbidity, at various temperatures over a period of tiinel which Simulates the long term 
performance of the formulatioh stability. A formulation is considered ^substantially 
completely stable if less than 10% of the somatotropin is found in the form of dimer and 
aggregates after storage of the formulation at 4°C for 2 years, and visibly remains clear and 
docs not settle out during such storage.' v * 5 r K.yr-'yx-r 

The inventive aqueous"' glycerol formulations have anti-microbial activity, and 
: accordingly, no further anti-microbial agent or preservative - heed be added to the 
composition. The anti-microbial activity of the inventive formulations is largely due to the 
high glycerol content. The inventive aqueous glycerol formulations are also usually 
:o subjected to sterile filtration. > • s / 

In a preferred embodiment, the aqueous ; glycerol formulations of somatotropin 
'according to the invention are suitable for parenteral 1 administration to companion animals, 
particularly toddgs and cats. For ekampley the inventive somatotropin composition may 
? -contain canine somatotropin and be administered to dogs for the treatment of albpecia, bone 
'■'■Tracturcs and other injuries and diseases suitably rtreated- using the cell proliferation and 
other biological activities of ^a somatotropin: - In a further preferred embodiment, the 
aqueous glycerol formulations are adequate compositions for a commercial multi-dose 
• 'product - These fonnulatiohs can 1 be 1 administered in a variety of ways, including parenteral 
30- administration, such as' subcutaneous- intramuscular or intraperitoneal techniques or via an 

• J - -4- 
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implanted delivery device. For companion animals, the preferred method of administration 
is parenteral administration via subcutaneous injection. 1 f . 

The following examples are included to demonstrate preferred embodiments of the 
5 invention. It should be appreciated by those of skill in the art that the techniques disclosed 
, r in the examples which follow represent techniques discovered by the inventors to function 
. well:in;the practice of the invention; and thus canbe- considered to constitute preferred 
modes for its practice. However* those of skill in the< art should, in light ,of the present 
disclosure, appreciate that many changes can be made in the specific embodiments which 
10, are disclosed and still obtain a like or similar result without departing from the spirit and 
^ scope of the invention. '* . ■ <• - ; ' 

,.r -v,.^.^.; L : .EXAMPLES . , - 

Example 1. Preparation of aqueous glycerol formulation of porcine somatotropin 
15 10.5 g of pST powder was added to 1 L of an excipient (65:35, glycerol : water by 

volume,,0.15% Tween 80 surfactant by volume, pH 6.3 phosphate buffer and 3% potassium 
chloride by weight). and. the mixture was. stirred for X A hour at ambient temperature. This 
$ formulation was then sterile filtered through a 0.22 ^im filter. . , . 

20 Example 2. Preparation of excipient 

3.747 kg of WFI (water for injection) was added to a vessel and agitated at moderate 
* r.p.nut The vessel was then charged with sodium phosphate monobasic (0.143 kg), sodium 
, phosphate dibasic (0.175 kg^and potassium chloride (0.252 kg). The resulting mixture was 
f stirred until all solids dissolved. This dissolution was endothermic and, the mixture cooled 
25 to 15-20°C. The vessel was then further charged with 7.605 kg.of glycerol apd 0.0182 kg of 
Tween 80. The mixture warmed up to about 30°C. rThe, mixture, was then cooled to a 
. temperature of '2Q-25?C by-cooling coils/jacket and agitation. h v i . * ^ 

. : -v : A 50,-55 _g ; sample was. then removed , and . analyzed. The sample was a . clear, 
30 , : colorless Jiguid haying #pH , at 20 n 25?Q of 6 A-6.6 and a density at 22° : C of 1,20 ±,0.02 g/cc ; . 
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Example 3. Preparation of bovine somatotropin formulation 

llie excipient prepared in Example' 2 was stirred at a temperature of 20-25°C. 
ZnbST in the form of bulk powder (0.0521 kg) was then added over a period of 20-30 
minutes. After all of the ZnbST powder was added, the mixture vvas stirred for an 
5 additional 50 : 60 minufes at 20-25°C. During this period, the excipient turned turbid due to 
the formation of zinc phosphate salts. The mixture was then heated to 36-40°C for 80-100 
min. Subsequently, the mixture was cooled to 20-25°C and stirred for at least 30 minutes. 

The bST/excipient formulation was then filtered by connecting a Millipore Millipak- 
10 200, 0.22 \im disposable filter unit to the discharge port of the formulation vessel. The 
formulation vessel was placed under a regulated air pressure of 15 psig and the discharge 
port was opened. The filtration was complete in less than 15 minutes with a small decrease 
in the filtration rate over the cycle time. 

1 5 Example 4. Stability testing of aqueous glycerol formulation of bST 

Samples of aqueous glycerol formulations of bovine somatotropin were stored for 
periods of time up to 120 days at temperatures of 4°C, 22°C and 39°C. 

Chemical stability was evaluated based on dimer/aggregate formation. The 
20 formulation according to the invention had no detectable dimer or aggregate formation at 
4°C or 22°C for up to 75 days, which is very atypical and unusually stable for storage of 
such formulations, particularly at 22°C. About 2% dimer/aggregate formation occurred at 
39°C at the 75th day, which is a surprisingly good result at such a high temperature in 
having a low dimer/aggregate formation. 

25 Physical stability was evaluated based on the turbidity of the samples. The 

formulation according to the invention had no visually observable turbidity change at 4°C or 
22°C for up to 120 days, which is very atypical and unusually stable, particularly at 22°C. 
Signs of very slight turbidity were observed after 20-22 days at 39°C. This stability is still 
considered extremely good. 

30 
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While the compositions and methods of this invention r have ,been described in terms 
of preferred embodiments, it will be apparent to those of skill in the art that variations may 
be applied to the process described herein without departing from the concept, spirit and 
scope of the invention., AH such similar substitutes and modifications apparent to those 
5 skilled in the art are deemed to be within the spirit, scope and concept of the invention. 
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WHAT IS CLAIMED IS: * r 

1 . An aqueous glycerol somatotropin composition comprising: 

a biologically .active somatotropin in a concentration less than about 8% by weight of the 
composition, water and glycerol in an amount effective and at a pH effective to maintain the 
5 somatotropin substantially completely stable. 

2. The composition of claim 1 , wherein the somatotropin is bovine somatotropin, 
porcine somatotropin, ovine somatotropin, equine somatotropin, canine somatotropin or 

t , , feline somatotrppin. r . . t . _ • , _ . . , 

3. The composition of claim 2, wherein the somatotropin is canine somatotropin or 
. feline somatotropin. ^ - „ 

4. The composition of claim 1 , wherein the composition has a pH in the range of about 
15 4.5 to the higher of about 7 and the isoelectric point of the somatotropin. 

5. The composition of claim 4, wherein the composition has a pH in the range of about 
6 to about 7. . 



20 

6. . The composition of claim 1 , wherein the composition further comprises a non-ionic 
surfactant. 

7. The composition of claim 6, wherein the non-ionic surfactant is present in an amount 
25 in the range of 0.05 to 1 .0% by weight of the composition. 

8. The composition of claim 6, wherein the non-ionic surfactant comprises a 
polyethoxylated sorbitan ester. 
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9. The composition of claim 8, wherein the non-ionic surfactant is a 
tri(polyoxyethylene) ester of sorbitan mono-oleate. 

10. The composition of claim 1 , wherein the composition is substantially completely 
5 stable for at least 2 years. 

1 1 . The composition of claim 1 , wherein the composition has undergone sterile 
filtration. 

10 12. The composition of claim 1 , wherein the composition contains no additional anti- 
microbial agent. 

13. The composition of claim 1 , wherein the somatotropin is preserit in a concentration 
less than about 6% by weight. 

1 4. The composition of claim 1 , wherein the somatotropin is present in a concentration 
between about 0.0 1 and about 5% by weight. 

15. The composition of claim 1 , wherein the somatotropin is present in a concentration 
20 between about 0.3 and about 3% by weight. 

16. The composition of claim 1 , wherein the ratio of glycerol to water by volume is in 
the range of about 1 : 1 to about 4: 1 . 
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